Effects of Smad3 on the proliferation and steroidogenesis in human ovarian luteinized granulosa cells.
Granulosa cells (GCs) are essential for proper oocyte, follicular development, and steroidogenesis in the ovary. Transforming growth factor β (TGF-β) superfamily members are critical in regulating GCs growth and differentiation. Smad3 is known to serve as a signaling intermediate for the TGF-β; however, the functions of Smad3 in the human GCs remain unidentified. In this study, the luteinized GCs collected from follicular aspirates from patients undergoing in vitro fertilization were cultured and engineered to overexpress and knockdown Smad3, which were validated by RT-PCR and Western blotting. Immunocytochemistry showed that Smad3 protein was strongly expressed in human ovarian luteinized GCs. EdU incorporation demonstrated that Smad3 promoted the proliferation of GCs, and the expression of PCNA was also enhanced by Smad3. ELISA analysis indicated that the secretion of both estradiol and progesterone was stimulated by Smad3. In addition, Smad3 upregulated the level of follicle-stimulating hormone receptor (FSHR), luteinizing hormone receptor (LHR), and protein kinase A (PKA) proteins. We subsequently added special PKA inhibitor H89 into the GCs and found that the stimulating effect on the growth of GCs by Smad3 was blocked partly. The morphology of cultured GCs was changed by Smad3, and the expression level of integrin β1 was enhanced by Smad3. Kindlin-2, an important cellular mediating molecule of integrin β signaling, was expressed in human ovarian luteinized GCs and was upregulated by Smad3. Our results indicated that Smad3 promoted the proliferation and steroidogenesis of human ovarian luteinized GCs, and these effects may be mediated by the FSHR/LHR-PKA signaling pathway.